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Abstract
In this study, 182 male animals from 12 native sheep breeds, as well as Karacabey Merino and Karagül breeds of Anatolia, wild sheep Anatolian 
Mouflon (Ovis gmelinii anatolica) were used as the study material. Based on SRY and SRYM18 regions on the Y-chromosome, haplotypes of the 
populations were analyzed using DNA sequence analyses. The SRY region, A-oY1 allele was observed in all of the individuals studied. On the other hand, 
four different alleles corresponding to four Y-chromosome haplotypes were detected at the SRYM18 microsatellite region. Among native Anatolian 
breeds (n=143), H6 haplotype (80.41%), H4 haplotype (9.09%), H8 haplotype (8.40%) and H12 haplotype (2.1%) were identified. H6 haplotype was 
observed in all 16 individuals of Ovis gmelinii anatolica. Pairwise FST values based on haplotype frequencies were calculated for domestic sheep, and 
the highest FST value was observed between Karagül and Kıvırcık along with Karagül and Ovis gmelinii anatolica with pairwise FST value of 0.43202 
(P<0.01). Y chromosome polymorphism of sheep from Turkey were examined comparatively with the accumulated data in the literature. Out of seven 
haplotypes (H4, H5, H6, H7, H8, H12, H19) observed in Europe and Asia, 4 haplotypes (H4, H6, H8 and H12) were observed in Anatolia. H12 was a 
private haplotype of Sakız, H6 seems to be the predominant haplotype of domestic sheep (79.51%) as well as being the only haplotype observed in 
Ovis gmelini anatolica. H4 haplotype seemed to be associated with fat tailed sheep migrating to Turkey, entering from south east of Turkey, which may 
be related with the arrival of nomadic Turks.
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Türkiye’den 12 Yerli, Karagül, Karacabey Merinosu ve Anadolu Yaban 
Koyununda (Ovis gmelinii anatolica) Y-Kromozom Polimorfizmleri
Öz
Bu çalışmada, Anadolu’dan yerli evcil koyun (Ovis aries) ırklarından 13 ırk ile kökeni Avrupa’dan olan Bandırma Merinosu koyun ırkı ve Anadolu Yaban 
Koyunu (Ovis gmelinii anatolica)’na ait olmak üzere toplam 182 erkek birey materyal olarak kullanılmıştır. Y kromozomunda bulunan SRY 5’promotor 
bölgesi ve Y kromozomuna özel bir mikrosatellit olan SRYM18 bölgeleri DNA dizi analizi yöntemleriyle incelenmiştir. SRY bölgesine ait analizlerde tüm 
bireylerde SNP A-oY1 alleline rastlanmıştır. SRYM18 mikrosatellit bölgesinde ise 4 farklı allel görülmüş ve toplamda 4 farklı babasal soy, haplotip, tespit 
edilmiştir. Yerli Anadolu ırklarında (n=143), H6 haplotipi (%80.41), H4 haplotipi (%9.09), H8 haplotipi (%8.40) ve H12 haplotipi (%2.1) belirlenmiştir. 
Ovis gmelinii anatolica’nın 16 bireyinde de sadece H6 haplotipi gözlenmiştir. Evcil koyunlar için haplotip frekanslarına dayalı FST değerleri hesaplanmış 
ve en yüksek FST değeri Karagül-Kıvırcık ve Karagül-Ovis gmelinii anatolica arasında FST değeri 0.43202 (P<0.01) gözlenmiştir. Türkiye koyunlarının Y 
kromozomu polimorfizmi literatürdeki birikmiş verilerle karşılaştırmalı olarak incelenmiştir. Avrupa ve Asya’da gözlenen yedi haplotipten (H4, H5, 
H6, H7, H8, H12, H19) dördü Anadolu’da (H4, H6, H8 ve H12) gözlenmiştir. H12, Sakız’ın özel bir haplotipi, H6 ise evcil koyunların baskın haplotipi 
(%79.51) ve Ovis gmelini anatolica’ nın tek haplotipi olarak görülmektedir. H4 haplotipinin Türkiye’ye güneydoğudan girmiş olabileceği düşünülen 
yağlı kuyruklu koyunla ilişkili olduğu görülmüştür ve bu koyunların göçebe Türklerin gelişi ile ilişkili olabileceği düşünülmektedir.
Anahtar sözcükler: Y-Kromozom haplotipleri, SRY, SRYM18, Ovis gmelinii anatolica, Türkiye’nin yerli koyun ırkları
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INTRODUCTION
Sheep, goat, cattle and pigs, which are farm animals of 
great importance for human beings, were domesticated 
in the area spanning between Central Anatolia and North 
of Zagros Mountains [1] and domesticated sheep spread 
to Asia, Africa and Europe in the following few millennia. 
During the spread, in accordance with the multiple founder 
effects, only subset of the variation that was present in 
the center of domestication must have reached to the 
peripheries of the domestic sheep distribution. Thus, at 
least part of the native breeds and wild sheep of Turkey 
distributed in or close to the center of domestication may 
have unique genetic variations of special value [2].
While husbandry of farm animals can improve the desired 
characteristics, these attempts can also cause deterioration 
in some other characteristics, such as adaptation to 
environmental conditions and resistance against diseases. 
Native breeds from Anatolia deserve special conservation 
efforts due to being free from systematic selection 
and isolation and their endurance against challenging 
environmental conditions (e.g. surviving under extreme 
temperatures with low-quality feed, covering long distances 
for grazing, resisting parasites) [3]. However, since there 
are many candidates of native breeds and wild stocks to 
be conserved, for a sensible and sustainable conservation 
plan there must be a prioritization scheme [4]. Genetics-
based information will reveal the evolutionary history of 
breeds and will also provide information on their genetic 
composition, thus will contribute for the prioritization in 
their conservation. 
Sheep is one of the first domesticated farm animals [5]. 
Various genetic markers of Y chromosome [6-9], mitochondrial 
DNA (mtDNA) [10-17] and autosomal markers [5,15,18,19] of 
domestic sheep are used to understand the evolutionary 
history of the domestic sheep genome. 
Previous studies examined domestic sheep and wild sheep 
individuals from Ovis canadensis, Ovis dalli spp., Ovis vignei, 
Ovis ammon, Ovis musimon, Ammantragus lervia [6-8]. These 
studies revealed that sex-determining gene (SRY) from 
the male specific region of the sheep Y chromosome had 
8 polymorphic sites (oY1-oY8). It was observed that SNP 
site oY1 is polymorphic within the domestic sheep as A/G 
with A being the predominant one [7]. Other 7 SNP sites 
were polymorphic between the wild sheep species but 
not within the species [8]. When another region, SRYM18 
microsatellite region, was sequenced from the male specific 
region of the sheep Y chromosome three polymorphic 
sites were detected: a pentanucleotide (TTTTG), an indel 
and a dinucleotide (TG) sites (8). Based on two regions 18 Y 
chromosome haplotypes (H1-H18) were defined in sheep [8]. 
Regarding the wild sheep, mtDNA based evidence indicated 
that Ovis orientalis (Ovis gmelini by the new nomenclature) [20] 
was suggested as the ancestral source of domestic sheep. 
While Ovis gmelini musimon was accepted as the early 
feral forms of domesticated sheep, wild Ovis gmelini 
populations were found in Anatolia, Iran, Azerbaijan and 
Armenia  [21].
Ovis gmelini musimon samples: 10 individuals from Spain [7] 
and 19 individuals from Ukraine [8] were studied previously 
based on the Y chromosome markers. However, none of 
the wild Ovis gmelini anatolica samples were examined 
based on these markers.
An Anatolian wild sheep, Ovis gmelinii anatolica, populations 
is located in the 42.000 km2 Bozdağ protection area in 
Konya province of Central Anatolia. Ovis gmelinii anatolica 
went through a recent bottleneck with only 15-20 
individuals left at 1970s [22]. Currently, their population size 
is approximately 500 individuals  [16]. 
The present research aims to determine the genetic 
diversity of native sheep breeds and the wild sheep (Ovis 
gmelinii anatolica) of Turkey in terms of Y chromosome 
based genetic markers. It is believed that results of the 
present study will contribute to the understanding 
of evolutionary history of domestic sheep and sheep 
domestication in Turkey. 
MATERIAL and METHODS
Ethics Statement 
Blood samples from modern sheep were collected with the 
approval of Istanbul University Veterinary Faculty Ethics 
Committee (permit number: 2006/172). Ovis gmelinii 
anatolica blood samples were collected with the approval of 
both Selçuk University Veterinary Faculty Ethics Committee 
(permit number: 2009/041) and the General Directorate of 
Nature Conservation and National Parks, Turkish Republic 
Ministry of Forestry and Hydraulic Works.  The samples were 
studied with the approval of the Middle East Technical 
University Ethics Committee (permit number: 2011/02). 
Thus, all necessary permits were obtained for the described 
study, which fulfilled all of the regulations.
Samples and Sampling
In our study, selection of native sheep breeds (for each 
breed more than 3 flocks were sampled), their blood 
sampling and DNA isolation were carried out within the 
scope of the national project TÜRKHAYGEN-I (http://www. 
turkhaygen.gov.tr). Karacabey Merino, samples were 
collected by Sheep Breeding Research Institute of Bandırma 
district. Blood samples of Anatolian Mouflon (Ovis gmelinii 
anatolica) individuals were collected by Ministry of Forestry 
and Water Affairs of the Republic of Turkey, Directorate 
General for Nature Protection and National Parks.  
The numbers of individuals examined in each breed and 
their tail types were as follows: Thin-tailed sheep breeds; 
Karayaka (n=15), Gökçeada (n=16), Kıvırcık (n=16), Karacabey 
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Merino (n=12); Semi-fat-tailed sheep breeds; Sakız (n=15) 
which is similar to Chios breed of Greece, Hemşin (n=14), 
Herik (n=11); Fat-tailed sheep breeds; Akkaraman (n=11), 
Dağlıç (n=10), Çineçaparı (n=12), İvesi (n=7) which is 
similar to Awasi breed of Middle East , Morkaraman (n=9), 
Norduz (n=7), Karagül (n=11). Herik and Hemşin were 
hybrids of the breeds from Turkey. Karagül was brought 
from Russia in 1926, Karacabey Merino was a hybrid 
between German meat Merino (rams) and Kıvırcık (ewes) 
and it has been in Anatolia since 1935. Although, all of the 
breeds were in Turkey for many generations the last two 
breeds were not considered as native breeds of Turkey. 
Additionally, 16 individuals of Anatolian Mouflon (Ovis 
gmelinii anatolica) were examined. Sites of the breeds 
and Ovis gmelini anatolica were indicated on the map 
presented in Fig. 1. Blood samples (10 cc) were drawn 
by specialized veterinarians from the jugular vein into 
K3 EDTA tubes. DNA isolations were performed by using 
phenol-chloroform isoamyl alcohol (25:24:1) extraction 
method [23].
Y-Chromosome Markers
In the present study, 5’ promoter region of SRY (Gene 
Bank No: AY604734) and SRYM18 (EU980105.1) loci of Y 
chromosome were amplified by PCR. Primer sequences for 
amplification of the SRY region were as follows: Forward; 
5’-TCA GTA GCT TAG GTA CAT TCA-3’ and Reverse: 5’-GTG 
CTA CAT AAA TAT GAT CTG C-3’ [6]. Primer sequences for 
the amplification of SRYM18 microsatellite locus were; 
Forward; 5’-GGC ATC ACA AAC AGG ATC AGC AAT-3’ and 
Reverse: 5’-GTG ATG GCA GTT CTC ACA ATC TCC T-3’ [7].
All PCR amplifications were performed in a volume of 25 
µL containing 10 pmol/μL of each primer, 0.2 mM of each 
dNTP, 1X Taq buffer, 2.5 mM MgCl2, 1 unit Taq polymerase and 
approximately 90 ng of template DNA. The PCR thermo-
cycling conditions were as follow: initial denaturation at 
94°C for 3 min, and 35 cycles of denaturation at 95°C for 
25 s, annealing at 56°C for 35 s, extension at 72°C for 50 
s, and a final extension at 72°C for 10 min. PCR products 
were purified using FavorPrep Gel/PCR purification kit 
(Favorgen) prior to Sanger sequencing, which was performed 
by REFGEN Gene Research and Biotechnology Limited Inc. 
(Ankara, Turkey).
Raw sequences were assembled by using Chromas Pro 
version 1.5 (http://www.technelysium.com.au/ChromasPro.
html) and consensus sequences were aligned by ClustalW 
algorithm [24], implemented in Bioedit version 7.1.3 [25].
Haplotypes were determined in accordance with the Table 
1 of Meadows and Kijas’s [8]  study.
Statistical Data Analyses 
In order to display relationships between haplotypes 
based on mutations, a median joining network (MJ) [26] was 
constructed with NETWORK 4.6.1.0 (http://www.fluxus-
engineering.com), by using the default settings. Genetic 
distances between sub-populations were obtained by 
calculating pairwise FST values based on haplotype frequencies 
using Arlequin 3.11 [27]. Significance of the results was 
tested with 1000 permutations. 
RESULTS
In the present study, SRY and SRYM18 sequences were 
analyses for a total of 182 sheep including 166 individuals 
from native sheep breeds (including a breed imported from 
Russia and a hybrid of a merino breed) and 16individuals 
from Ovis gmelinii anatolica.The analysis of SRY showed 
that all individuals had allele A in terms of SNP oY1 
(A/G). The whole SRY region was reanalyzed in all of the 
individuals but no polymorphism was found. In SRYM18 
microsatellite locus no polymorphism was observed 
between individuals in terms of pentanucleotide (TTTTG) 
repeat number. Furthermore, the presence of G nucleotide 
between TTTTG and dinucleotide (TG) repeats was the 
same in all individuals. Considering TG repeat numbers, 
13 TG, 14 TG, 15 TG and 16 TG repeats were found. The 
classification of haplotypes was performed in accordance 
with Meadows et al.[7]  study using the oY1 SNP in the SRY 
gene and the SRYM18 microsatellite locus.
In this study, H4, H6, H8 and H12 haplotypes were found as 
shown in Table 1. All individuals of Ovis gmelinii anatolica 
and Karacabey Merino had H6 haplotype.
Among the 14 domestic breeds (n=166), H6 was the 
most common haplotype observed in 132 individuals 
(79.51%) from Turkey. H12 haplotype was found in only 3 
individuals (1.81%) of Sakız breed. H4 and H8 haplotypes 
were found in 17 (10.24%) and 14 individuals (8.44%), 
respectively. Haplotypes H4 and H8were observed in 
various breeds with different tail types. Similarly, among 12 
Anatolian native domestic sheep breeds (n=143), the most 
frequent haplotype was H6 haplotype (80.41%) followed 
by H4 haplotype (9.09%), H8 haplotype (8.40%) and H12 
haplotype (2.1%).
Y-chromosome haplotypes found in native breeds, Karacabey 
Merino, Karagül breeds and Ovis gemelinii anatolica from 
Turkey are shown in Fig. 1. It is observed that embedded in 
H6 haplotype distribution the frequency of H4 haplotype 
seemed to decrease from east to west, whereas, H8 haplo-
type is mainly in the central parts of Anatolia.
Statistical Analyses 
Median-joining network analysis based on Y chromosome 
polymorphisms: The molecular proximity (mutational 
differences between haplotypes) of the haplotypes we 
observed was visualized in Fig. 2. In this figure, the relation-
ship between haplotypes as well as tail types (fat-tailed, 
semi fat-tailed and thin-tailed) of the sheep breeds are 
displayed.
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In Fig. 2, it can be seen that H4, H6 and H8 haplotypes were 
found in sheep breeds with all types of tails, while H12 
was found only in a semi fat-tailed sheep breed (Sakız). 
Thin tail breeds seemed to display H4 relatively less than 
breeds with other tail types. Furthermore, based on Fig. 2 
it is possible to suggest that H4 and H8 haplotypes were 
genetically related to H6 haplotype and evolved from H6 
independent of each other. Similarly, the H12 haplotype 
could have been evolved from H8.
Pairwise FST values between the breeds: Pairwise FST values 
between the breeds based on haplotype frequencies are 
presented in Table 2. According to the results, Hemşin is 
significantly different from Karayaka, Gökçeada, Kıvırcık, 
Sakız, Çineçaparı, OGA and Merinos. Karagül is also 
significantly different from Gökçeada, Kıvırcık, Sakız, 
OGA and Merinos. Most distant breeds on the basis of 
their Y chromosome haplotype frequencies are Karagül 
and Kıvırcık  as well as Karagül and OGA with pairwise 
FST=0.43202 (P<0.01). The most similar breeds, however, 
seemed to be the Akkaraman and Morkaraman with 
pairwise FST value of - 0.10984 (non-significant).
Turkey, Asia and Europe in the range of the Y chromosome 
haplotype distribution: Y chromosome haplo-type dis-
tributions of domestic sheep from different countries in 
Europe and Asia along with different breeds within Turkey 
(the present study) are shown in Fig. 3.
DISCUSSION
In this study, 182 male individuals from 12 native sheep 
breeds as well as Karacabey Merino, and Karagül breeds 
from Anatolia and male sheep from Anatolian Mouflon (Ovis 
gmelinii anatolica) were subjected to sequence analysis of 
SRY and SRYM18 loci of Y chromosome. Previously in Öner 
Table 1. Y-chromosome haplotypes observed in this study in each of the sheep breeds 
Sheep Breeds
Chromosome
H4 H6 H8 H12 Total
Thin-tailed sheep breeds
Karayaka 1 10 4 - 15
Gökçeada 1 14 1 - 16
Kıvırcık - 16 - - 16
Karacabey Merino - 12 - - 12
Semi-fat-tailed sheep breeds
Sakız - 12 - 3 15
Hemşin 6 8 - - 14
Herik 1 9 1 - 11
Fat-tailed sheep breeds
Akkaraman 1 10 - - 11
Dağlıç - 8 2 - 10
Çineçaparı - 9 3 - 12
İvesi - 6 1 - 7
Morkaraman 1 8 - - 9
Norduz 2 5 - - 7
Karagül 4 5 2 - 11
Total 17 132 14 3 166
Sheep breeds were classified based on their tail types
Fig 1. Distribution of Y chromosome 
haplotypes of domestic sheep breeds and 
Anatolian Mouflon in Turkey. Abbreviations: 
Karayaka (KRY), Akkaraman (AKK), Gökçeada 
(GOK), Dağlıç (DAG), Morkaraman (MOR), 
Kıvırcık (KIV), Ivesi (IVE), Herik (HER), Karagül 
(KRG), Hemşin (HEM), Çineçaparı (CIC), Sakız 
(SAK), Norduz (NOR), Karacabey Merino 
(MER), Ovis gmelinii anatolica (OGA)
825
et al.’s [9] study 10 native breeds from Turkey were examined 
and only A-oY1 allele in the SRY gene region was observed. 
In conformity to the Öner at al.’s [9] result,  only A-oY1 allele 
was observed among the domestic breeds we studied. 
However, previously, in a single breed (Karakaş) from 
Turkey, G-oY1 allele was observed in two individuals [8]. 
Karakaş was not examined in the present study and in 
Öner et al.’s [9]  study and it was not reported as one of the 
native sheep breeds of Turkey [28]. 
Ovis gmelinii anatolica, was not previously studied in terms 
of SRY locus. A-oY1 allele was found in all (n=16)  Ovis 
gmelinii anatolica individuals examined in this study. Early 
feral forms of domestic sheep from Ukraine (n=19) [8] and 
Spain (n=10) [7] also displayed only A-oY1 allele. In fact, all 
other wild sheep samples exhibited A-oY1 allele [8]. Thus, 
the results proposes that A-oY1 allele is the ancestral form 
of whereas G-oY1 allele that is observed in domestic sheep 
with H5 and H7 haplotypes may be, the derived form. 
However, this hypothesis must also be confirmed by 
examining wild Ovis gmelinii populations from Armenia, 
Iran and Cyprus [21] which have not been studied yet.
SRYM18 microsatellite region sequences revealed no poly- 
morphism among Ovis gmelinii anatolica individuals When 
analyzed along with the SRY locus, they displayed H6 
haplotype which was also observed uniformly in Ovis 
musimon [7,8]. Absence of polymorphism in Ovis gmelinii 
might be an ancestral state. If this is the case, then haplo-
types observed in domestic sheep breeds emerged after 
the sheep domestication. Alternatively, wild populations 
in the Middle East [21] might be exhibiting polymorphism(s) 
while, Ovis gmelinii anatolica might have lost its variability 
in the previous century due to a severe bottleneck [22]. 
However, the frequency of most common Y chromosome 
haplotype(s) found in different countries were as follows: 
72.8% H6 [29] in African breeds; 60.7% H6  [7,8]  in sheep 
breeds from all over the world; 65.0% [30]  in Northern 
Eurasian breeds; 55.5% H8 and 34.5% H6 [31]  in Tunisian 
breeds; 43.4% H6 [32]  in Chinese breeds. Thus, it seems that 
H6 haplotype is the most frequent haplotype (except in 
Tunisia) in most of the places of the old continents. These 
results also support the proposal that H6 might be the 
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Table 2. Pairwise FST values and their significances between the breeds on the basis of their Y-chromosome haplotype frequencies
KRY GOK KIV SAK HEM HER AKK DAG CIC IVE MOR NOR KRG OGA ME
KRY 0.00000
GOK 0.04709 0.00000
KIV 0.23742* 0.03333 0.00000
SAK 0.08163 0.02666 0.15044 0.00000
HEM 0.11796* 0.19376* 0.40584** 0.20031* 0.00000
HER -0.01779 -0.07314 0.09315 0.00386 0.10961 0.00000
AKK 0.08661 -0.06748 0.03562 0.02941 0.18107 -0.06333 0.00000
DAG -0.05691 -0.03226 0.17949 0.03069 0.17768 -0.07089 0.01811 0.00000
CIC -0.06671 0.01437 0.22372 0.06203 0.17792* -0.03806 0.06764 -0.09310 0.00000
IVE -0.04371 -0.08893 0.12840 -0.00707 0.17323 -0.10811 -0.04804 -0.12544 -0.08896 0.00000
MOR 0.05764 -0.07881 0.06796 0.01172 0.13332 -0.08400 -0.10984 -0.00269 0.04327 -0.06305 0.00000
NOR 0.01566 0.02553 0.33214 0.05987 -0.07207 -0.04671 0.01282 0.03686 0.05204 0.01754 -0.03616 0.00000
KRG 0.03903 0.20482* 0.43202** 0.20249* -0.04017 0.10429 0.21194 0.12378 0.10650 0.13612 0.16301 -0.03047 0.00000
OGA 0.23742* 0.03333 0.00000 0.15044 0.40584** 0.09315 0.03562 0.17949 0.22372 0.12840 0.06796 0.33214 0.43202** 0.00000
MER 0.19941 0.01101 0.00000 0.11765 0.36122* 0.05979 0.00826 0.13669 0.18182 0.08197 0.03356 0.27147 0.38128** 0.00000 0.0000
* P<0.05 ** P<0.01 *** P<0.001
Karayaka (KRY), Akkaraman (AKK), Gökçeada (GOK), Dağlıç (DAG), Morkaraman (MOR), Kıvırcık (KIV), Ivesi (IVE), Herik (HER), Karagül (KRG), Hemşin (HEM), Çineçaparı (CIC), Sakız 
(SAK), Norduz (NOR), Karacabey Merino (MER), Ovis gmelinii anatolica (OGA)
Fig 2. Relationship between haplotypes based on median joining 
network, distribution of haplotypes and tail types of native sheep 
breeds of Turkey by using pie charts
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ancestral haplotype. Similarly, among the haplotypes 
found in Anatolian native domestic sheep breeds, the 
most frequent was H6 haplotype (80.41%).Then followed 
by haplotypes H4 (9.09%), H8 (8.40%) and H12  (2.1%) 
among 143 individuals. All individuals of Ovis gmelinii 
anatolica had H6 haplotype. Central location of H6 in the 
present study and in the previous study [8] also supports 
the proposition.  
Haplotypes H6 and H5 were observed in German Merino 
but only H6 in Merino Long wool from Germany [7]. H6 
was the only haplotype observed in merino breeds from 
Australia and Mexico [8]. Despite the fact that rams of 
German meat merino were used for the Karacabey merino, 
only H6 haplotype was found in our study in 12 individuals 
of Karacabey Merino breed in Turkey. 
To our knowledge, Herik and Karagül breeds were analyzed 
for the first time in our study and H4, H6 and H8 haplotypes 
were found in both breeds. In our study, only 1 individual 
fromeach of thin-tailed Karayaka and Gökçeada breeds 
exhibited H4 haplotype However, this haplotype was 
not observed in other studies that focused on thin-tailed 
sheep breeds in Turkey  [7,9]. Presence of H4 in thin tailed 
breeds can be taken as the evidence of the week isolation 
between the breeds. Differences between the haplotype 
frequencies of the same breeds in different studies for 
instance presence of private haplotype H12 in Sakız only in 
the present study can be attributed to the sampling effect. 
Since more than 3 flocks were visited during the sampling 
of native breeds in the present study, results could be used 
in further comparisons. 
Studies on Y chromosome haplotype distributions in 
domestic sheep breeds and wild sheep from Turkey 
(the present study) in Europe and Asia show in the 
Fig. 3 [7,8,33]. According to Fig. 3, it can be seen that sheep 
samples examined were scattered and scarce over the 
vast geography. Therefore, conclusions based on the 
haplotype distributions should be interpreted cautiously. 
Nevertheless, it is seen again that H6 haplotype is the most 
prominent haplotype, in every breed or country except 
in the western Russia, Finland, Kazakhstan and Austria. 
However, H5 and H7 (both having G-oY1 allele) seemed to 
be common in Northern Europe (Russia and Finland) and 
in Austria. H7 seemed to be associated with H5 in Russia 
and Finland. Just 2 samples out of 19 sheep from Tibet also 
displayed H5 haplotype (H5 may be reached to Tibet by 
sheep trading). Therefore, as a first approximation it can be 
suggested that G-oY1 allele and thus H5 and H7 emerged 
later in the spread of domestic sheep and may be confined 
in the northern and central Europe. H8 existing from east 
to west in the northern Asia and Europe is also seen in 
Azerbaijan, Austria, East Adriatic and in Israel as well as in 
the breeds of Anatolia. However, H8 is neither present in 
the most eastern and most western breeds (except in GOK 
with a low frequency, 6.25%) of Turkey. The emergence 
and direction of spread of H8 cannot be determined by 
the distribution of the haplotype. Haplotype H4 is seen in 
Tibet and Israel and in Eastern breeds of Turkey as well as in 
Akkaraman, a central Anatolian breed. Furthermore, these 
breeds do not have haplotypeH8 (Fig. 3). This observation 
may suggest that, there was a massive wave of male sheep 
migration partly harboring H4 arrived to Turkey from the 
south of Caspian Sea (since sheep of Azerbaijan is not 
exhibiting H4). This migration might be relatively recent 
because although they were surrounded by breeds having 
H8 haplotype they did not exhibit H8. These sheep 
might be represented by Morkaraman, Hemsin, Norduz 
and Akkaraman breeds of Turkey. The Norduz is believed 
to be a variety of Akkaraman breed [34]. Indeed, these two 
breeds have non-significant pairwise FST value (FST=0.01282). 
Also Morkaraman and Akkaraman have non-significant 
pairwise FST value (FST=-0.10984). These observations support 
Fig 3. Y-chromosome haplotype 
distributions in domestic sheep 
breeds and wild sheep from Turkey 
(the present study) shown together 
with domestic sheep populations 
from Asia and Europe
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the implication that Akkaraman, Morkaraman, Norduz and 
Hemşin might be sharing a common evolutionary history. 
These 4 breeds (fat tailed or semi fat tailed) seemed to 
have a different evolutionary history than those of İvesi, 
Dağlıç, Çineçaparı and Karagül (fat tailed or semi fat tailed), 
Gökçeada (thin tailed) breeds all harboring H6 and H8 but 
rarely H4 (1 individuals from each of Karagül and Gökçeada). 
It is well known that nomadic Turks arrived to Anatolia 
in the 11th century, originally spreading from East of Aral 
Sea [35] travelling through Iran. Together with their sheep 
they settled mostly in Eastern and Central Anatolia  [36]  and 
migration of nomadic Turks continued for two hundred 
centuries [36,37]. Perhaps their sheep were the ones with H4 
and without Y Chromosome H8 haplotype. In this case, for 
conservation studies of native breeds of Turkey, ‘sheep of 
nomadic Turks’ must also be considered as a group from 
which breed(s) must be chosen for conservation.
In the present study, we focused on domestic breeds and 
wild sheep of Turkey and studied their Y chromosome haplo- 
types in order to contribute to the paternal evolutionary 
history of sheep by combining the available data from the 
literature. Further genetic studies utilizing higher resolution 
genetic markers on ancient as well as modern samples of 
Ovis gmelini and domestic sheep from different regions and 
time periods of Anatolia, the Middle East and other regions 
of the old continents will expand the understanding of 
both the early stages of the domestication process and the 
evolutionary history of domestic sheep. 
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